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(54) MAGNETIC DISK DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a disk device 
realizing seek control which is not effected by increase 
or decrease of a torque constant due to a change in 
temperature at the time of moving a magnetic head to 
the desired position of a magnetic disk. 
SOLUTION: In this disk device, a coil resistance value 
and a torque constant are calculated by detecting a 
current and a voltage in the following of a magnetic head 
with a VCM (voice coil motor) current detector 30 and a 
VOM inter-terminal voltage detector 29 and by 
calculating outputs which are digitally converted in ADC 
(analog/digital converters) 31 in a drive control part 5. 
The variation of seek times in the same distance due a 
change in temperature is controlled by correcting a seek 
loop gain 28 based on these results. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A magnetic disk, the spindle motor made to rotate a magnetic disk, and spindle Motor 
Driver which makes a spindle motor drive. The actuator for moving the head for recording and 
reproducing information, and a head on a magnetic disk, The voice coil motor (VCM) made to 
rotate an actuator and the VCM amplifier which makes VCM drive, A means to detect the 
positional information reproduced through the head from the magnetic disk, The drive control 
section which generates the digital output for moving to a desired location and making a head 
position based on the reproduced positional information. The digital-analog converter which 
changes the digital signal from said control section into analog output, In the equipment which 
has the analog-to-digital (AD) converter made into a digital signal in order to input into said 
control section the analog output of the circuit which measures the electrical potential 
difference between VCM terminals, the circuit which measures a VCM current, and said circuit 
The magnetic disk drive characterized by measuring VCM resistance from the electrical potential 
difference between the currents and terminals which flow to VCM while positioning on a desired 
truck (follow INGU). 

[Claim 2] The magnetic disk drive of claim 1 characterized by computing the coil temperature of 
VCM and measuring a torque constant from the detected resistance. 

[Claim 3] The magnetic disk drive of claim 1 which a seeking control system carries out gain 
amendment by the resistance and torque constant which were measured, and is characterized 
by controlling dispersion in the seek time. 

[Claim 4] The magnetic disk drive of claim 1 characterized by the ability to detect passing speed 
by amending the passing speed called for from the reverse electromotive voltage of VCM during 
head migration based on the result of claim 1. without being influenced of a VCM temperature 
change. 

[Claim 5] The magnetic disk drive of claim 1 characterized by using the detection rate of claim 4 
for unload speed control in the magnetic disk drive of claim 1 when it has shunting (unloading) or 
the function which carries out loading for the magnetic head from on the magnetic disk. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic disk drive which has the voice coil 
motor as a driving means of the magnetic head about the magnetic disk drive which carries out 
record playback of the information on a magnetic disk by the magnetic head. 
[0002] 

[Description of the Prior Art] The outline of the common magnetic disk drive to drawing 2 and 
operation is shown. Generally, a magnetic disk drive 1 is connected through an interface 3 with a 
host 2, and actuation corresponding to the command from a host 2 is performed. For example, if 
a light / lead command is published from a host 2. the truck / sector / block length 
corresponding to a command will be computed by the interface control section 4, and a 
command will be published to the drive control section 5 through the interface of the magnetic 
disk drive 1 interior. In response to the command, the request on a magnetic disk 7 of the 
magnetic head 6 the drive control section 5 truck 9. and after follow INGU. it waits to reach the 
desired sector 10 and starts a light/lead. On the magnetic disk 7. positional information (servo) 8 
is written in at intervals of [ fixed ] arbitration on the periphery after the location of arbitration. 
As for the contents, the same number is written in by the same periphery top with a track 
number 9, a sector number 10, a burst signal, etc., as for a track number 9, and the value to 
which the increment of the sector number 10 was carried out from the criteria location (index) is 
written in. These servoes 8 are written in radial at intervals of [ fixed ] arbitration, and the track 
number 9 serves as an increment or a value by which the decrement was carried out. The 
location of the self on a magnetic disk 7 is recognized by reproducing the servo 8 by the 
magnetic head 6. 

[0003] In order to use effectively the attainment latency time to the sector 10 of the request 
after follow INGU to the desired truck 9 in recent years, the seek time is delayed just before 
sector 1 0 attainment, and the function to make it move at the part low speed, and to reduce 
power consumption is also beginning to be supported. 

[0004] Moreover, two or more commands are received from a host 2, and the function to publish 
a command to the drive control section 5 is also beginning to be supported, rearranging a 
command by the interface control section 4 so that processing speed may become the fastest. 
These functions are realized by learning the seek time for every migration length beforehand. 
[0005] Next, an outline is explained about head positioning actuation and the configuration of a 
common magnetic disk drive. The disk unit 1 is also performing playback of the information which 
records information by the magnetic head 6 on the magnetic disk 7 by which high-speed rotation 
was carried out with the spindle motor 11, and is recorded by the magnetic head 6. It connects 
with VCM13 through an actuator 12, and the magnetic head 6 changes the digital output from 
the drive control section 5 into analog voltage by the digital analog (DA) converter 15, and 
supplies this analog voltage to the VOM amplifier 14. The electrical potential difference used as 
criteria is supplied to the VOM amplifier 14, a current is impressed to VCM13 according to 
difference with the electrical potential difference, it rotates, and the magnetic head 7 is 
positioned. 

[0006] Moreover, in the case of the equipment which has loading / unloading device 16, if a 
desired engine speed is reached, the actuation which carries out loading of the magnetic head 6 
on a magnetic disk 7 will be started The slider section (not shown) which the magnetic head 6 
which had stopped on the home position 17 is carried, and is connected with VCM13 through the 
actuator 12 is impressing a current to VCM13, a lamp 18 is slid down and loading of the magnetic 
head 6 is carried out on a magnetic disk 7. 

[0007] Next, the head point-to-point control outline of the magnetic disk drive by digital control 
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is explained using drawing 1 . 

[0008] For every spacing divided by servo spacing or servo spacing / n, the drive control section 
5 outputs current indicated value, rotates VCM13, and is performing point-to-point control of 
the magnetic head 6. 

[0009] In addition, the drive control section 5 is constituted by the microprocessor. 
[0010] Seeking control computes ********** 21 by the drive control section 5 from the position 
signal 20 from a target position 1 9 and the magnetic head. The target rate 23 from the target 
rate table 22 beforehand calculated according to it The acceleration FF value 25 is set up on the 
acceleration feedforward (FF) table 24. The difference of the target rate 23 and the detection 
rate generated with the rate detector 26 from a position signal 20 is doubled rate gain 27. the 
acceleration FF value 25 is applied to this, 28 times many seeking loop-gain [ as this ] ** serves 
as acceleration (seeking current indicated value), a current is impressed to VCM13 through 
DAC15 and VCMAMP14, and the magnetic head moves this. Drawing 3 is the relation of the 
force current at the time of seeking (acceleration), a rate, and a position error. A rate is 
accelerated until just before reaching a target rate, and after attainment is slowed down 
according to the seeking current value outputted according to **********. 
[0011] Although positioned by such approach in a target position, when seeking at high speed, a 
high current is needed at the time of the time of the acceleration to target rate attainment and 
uniform velocity, or the moderation to a desired truck [ condition / acceleration ], it generates 
heat, temperature of the coil is carried out. and an increment and a torque constant Kf32 fall 
[ coil resistance ]. If the large seek operation of an acceleration-and-deceleration current is 
repeated, coil temperature will rise remarkably. If the actuation the severest seeking latency- 
time nothing, uniform current section nothing, and acceleration-and-deceleration current 
greatest is repeated to a temperature rise, exceeding +100 degrees C to ordinary temperature 
will also be assumed. However, since the sensor for grasping the increment in coil resistance and 
the fall of Kf32 etc. is not provided, in the drive control section 5. the target rate table 22, the 
acceleration FF table 24, and the seeking loop gain 28 were set up as the resistance which 
expected the effect of the temperature rise of a coil beforehand, and Kf32, and the method 
which calculates and outputs a current value has been adopted. 
[0012] 

[Problem(s) to be Solved by the Invention] Since coil resistance and Kf32 are fluctuated with 
coil temperature, when a part for a coil temperature rise is expected beforehand, a difference will 
arise to the acceleration and deceleration of a target in the change in Kf, and the seek time will 
differ also In migration of the same distance as a result. Even if it is going to aim at improvement 
in a throughput by command rearrangement from a host 2, the transit time and net slip time 
amount at the time of study differ from each other, rotational delay occurs, and it does not lead 
to improvement in a throughput. Moreover, it is possible without rotational delay for a low power 
to be the same also in a light / command to lead in data. Moreover, the case which cannot slow 
down on a target moderation orbit on a desired truck, and becomes a seek error by the fall of 
Kf27 may also be generated. 

[001 3] Moreover, by seven outside a magnetic disk without positional information 8, although it is 
the actuation to which unloading of the magnetic head is carried out from on a magnetic disk in 
the equipment which has loading / unloading function 1 6 and an unloading rate can be detected 
from positional information 8 on a magnetic disk 7. since this method is not employable, the 
method which computes an unload rate from the reverse electromotive voltage of VCM13 is 
used. When unloading actuation is temporarily carried out without speed control, a rate stops by 
the frictional force of a lamp 18, coil resistance increase and decrease, etc. in the middle of 
dispersion lamp 1 8, and it is also considered that a magnetic disk 7 and the magnetic head 6 
contact. Moreover, the magnetic head 6 carries out high-speed migration by coil resistance 
increase and decrease similarly, it collides with a stopper, an impact joins the magnetic head, and 
damage may be done. Moreover, it is also considered that remain and rebound upon a home 
position 1 7, slide down a lamp 1 8 again, and the magnetic-disk 7 magnetic head 6 contacts. 
[0014] Although the above-mentioned phenomenon evasion by controlling the rate by the 
reverse electromotive voltage out of a magnetic disk 7 is possible, in order to compute a rate 
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using the resistance supposing a temperature rise, an error does not arise at a detection rate 
with temperature, and the above-mentioned problem is not necessarily solved completely. That 
this invention should eliminate these problems, coil resistance or temperature is measured 
without components addition of a sensor etc. in follow INGU, and it is in offering the magnetic 
disk drive which performs suitable seeking control and unload control using the result. 
[0015] 

[Means for Solving the Problem] Among follow INGU, since the magnetic head 6 is not moving, a 
VGM reverse electromotive voltage is 0. Therefore, the electrical potential difference between 
VCM terminals and a VGM current are measured in the electrical-potential-difference detector 
29 between VCM terminals, and the VGM current detector 30 In the meantime, and it becomes 
computable about VGM coil resistance by incorporating and calculating to the drive control 
section 5 through the analog-to-digital (AD) transducer 31. 

[0016] Moreover, coil temperature is computable from the formula showing the temperature 
characteristic of coil resistance. An operation is possible also for current Kf32 using the formula 
which similarly expresses the temperature characteristic of Kf32 from the computed 
temperature. 

[0017] With amending the seeking loop gain 28 by the drive control section 5 based on this 
computed resistance and Kf, and outputting a current value, it becomes possible to make 
variation in the seek time small. Moreover, when it is judged remarkably similarly that Kf32 may 
carry out a seek error, without the ability falling and slowing down, error generating can be 
avoided by bringing a moderation starting position forward. 

[0018] Moreover, since the speed detection by the reverse electromotive voltage becomes 
possible using the resistance in front of unload initiation by computing resistance in follow INGU, 
it becomes the minimum about speed detection offset, and it becomes possible to be able to 
prevent deviation of the unload rate from a target rate, and to prevent the contact and head 
damage on a head and a disk. 
[0019] 

[Embodiment of the Invention] The concrete approach of VGM resistance study is explained 
using drawing 1 and drawing 4 . Of course, the magnetic head on a magnetic disk is carrying out 
follow INGU of except on the truck of arbitration fundamentally during seeking to the truck of 
arbitration during the light/lead of data. 

[0020] It is expressed with a with an electrical potential difference [ between VGM terminals / 
Vvcm ] of 33 or less formula. 

[0021] Vvcm=Ivcm-Rm+Vbemf — as for the current to which Ivcm34 flows to VGM 14 here, and 
Rm35, coil resistance and Vbemf36 are VGM reverse electromotive voltages. Since passing 
speed does not occur as for the inside of follow INGU. a VGM reverse electromotive voltage is 
not generated. Therefore, it is set to Vbemf=0 and Vvcm=Ivcm-RmRm=Vvcm/Ivcm is realized. 
[0022] Therefore, the coil resistance Rm35 becomes possible by Vvcm33 and Ivcm34 by which 
the AD translation was carried out into follow INGU to the drive control section. 
[0023] Moreover, although it is also considered that Vvcm33 and Ivcm34 are small and precision 
does not come out, it is realizable by establishing an amplifying circuit In the VGM current 
detector 16 and the electrical-potential-difference detector 17 between VCM terminals. 
Especially an amplifying circuit is not indicated. 

[0024] Generally the temperature characteristic of the coil resistance Rm43 is expressed with 

the following formulas 1 . 

[0025] 

Rm=RmO- (1+K1- (Temp-TempO)) Formula 1 Here, RmO is the coil resistance in ordinary 

temperature, and coil temperature current [ 1 / K] in the temperature characteristic term of a 
coil, and Temp, and TempO is ordinary temperature. RmO, TempO, and K1 are known values, and if 
current resistance is known, they can also compute coil temperature. 

[0026] Moreover, generally a torque constant Kf Is expressed with the following formulas 2. 
[0027] 

Kf=KfO- (1-K2- (Temp-TempO)) Formula 2 Here, KfO is a torque constant in ordinary 

temperature, and coil temperature current [ 2 / K] in the temperature characteristic term of a 
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torque constant, and Temp, and TempO is ordinary temperature. KfO. TempO, and K2 are known 
values, and an operation is possible also for Kf like the above. 

[0028] These calculation is realized by adding the function of the VCM resistance detector 37 
and the Kf detector 38 to a drive control section. 

[0029] Next, one example for amending the variation in the seek time using Kf calculated above 
is described. 

[0030] Generally VCM14 is expressed with Kf/m. m is a head conversion mass here. The 
potential difference is given between VCM terminals and acceleration and deceleration are 
carried out by passing Current (acceleration) I. Since m is temperature-independent, the 
capacity of acceleration and deceleration is decided by Kf and I. Each table 22 for speed control 
and Kf laying temperature of 24 creation time are set to TO. and Kf at that time is set to KfO, 
Seeking of the same distance by the same seek time is attained with outputting the seeking loop 
gain 28 as an amendment aftercurrent value with the seeking loop-gain amendment vessel 40 so 
that Kf^sense39 to Kf/m*I computed by the above-mentioned approach may become fixed. 
[0031] Moreover, although the moderating power force declines and there are a seek error and a 
thing when the above-mentioned amendment approach also becomes an elevated temperature 
also by the conventional approach more than the laying temperature of seeking table creation 
time and the value after amendment turns into a value more than the serviceability of supply 
voltage, the monitor of the Kf is carried out, the limitation of the moderating power force is 
grasped, and a moderation starting position can be applied also to the means of seek error 
evasion by processing slight earliness etc. 

[0032] next, the value which carried out the electrical potential difference Vvcm33 between 
VCM terminals at the time of migration A-D converter 31 is boiled also as the formula of the 
following [ the drive control section 5 ] using the coil resistance in front of the migration 
initiation computed by the above-mentioned approach, and Kf. and a rate is calculated from the 
reverse electromotive voltage Vbemf36. 
[0033] 

Vvcm=Vbemf+Rm-Ivcm=Kf-Vel+Rm-IvcmVeI= (Vvcm-Rm-Ivcm)/Kf — also in area without 
servo information, highly precise speed control is attained by carrying out unload control using 
this detection rate. 
[0034] 

[Effect of the Invention] VCM coil resistance was calculated by the operation into follow INGU. 
the torque constant was computed based on the result, and it became possible to control 
dispersion in the seek time by the VCM temperature change by amending seeking system gain. 
[0035] Rationalization of seek-time study used for command rearrangement etc. from a host as 
a result can be attained, and the performance degradation by rotational delay can also be 
prevented. 

[0036] Moreover, since a rate is similarly computed from a reverse electromotive voltage using 
the VCM resistance in front of an unload, the factor of failures, such as contact of a head and a 
disk, can be eliminated by raising the unload target rate flattery nature in area without servo 
information. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the additional function section by the conventional seeking system 
outline by the digital control and conventional this invention. 
[Drawing 2] Magnetic disk drive schennatic diagram. 

[Drawing 3] Drawing showing the acceleration at the time of seeking, a rate, and a position error. 
[Drawing 4] The coil resistance detection by this invention, the circuit schematic diagram for 
torque constant detection. 
[Description of Notations] 

1 [ — Interface control section, ] — A magnetic disk drive, 2 — A host, 3 — An interface, 4 5 
[ — Positional information (servo), ] — A drive control section, 6 — The magnetic head. 7 — A 
magnetic disk, 8 9 — A truck (track number), 10 — A sector (sector number), 1 1 — Spindle 
motor, 12 — An actuator, 13 — A voice coil motor (VOM), 14 — VOM amplifier, 15 — A digital- 
analog converter (DA converter). 1 6 — Loading / unloading device section. 1 7 [ — Position 
signal, ] — A home position, 18 — A lamp, 19 — A target position, 20 21 [ — Acceleration FF 
table, ] — 22 — A target rate table, 23 — A target rate, 24 25 [ — Seeking loop 

gain, ] — An acceleration FF value. 26 — A rate detector, 27 — Rate gain, 28 29 — The 
electrical-potential-difference detector between VOM terminals, 30 — A VCM current detector, 
31 — Analog-to-digital converter (A-D converter), 32 [ — VCM coil resistance, 36 / — A 
reverse electromotive voltage, 37 / — A VCM resistance detector, 38 / — Kf detector, 39 / — 
Kf (Kf^sense), 40 which were computed by the drive control section / — Seeking loop-gain 
amendment machine. ] — A torque constant (Kf), 33 — The electrical potential difference 
between VCM terminals, 34 — A VCM current, 35 
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Sfc. Kf 27©{6T-C. mm(OYz''j 

[0 0 13]t/c. P- F/T>P-7'.< >i^l5t6l 6 
f F*T>n--r-f >d/'3-a:6Sj)ff-C> sa^f'-fXi'T 
-C*S*^ ffig1tfS8*iAd:C^»^7=^:3;i;^47-C«C© 50 
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4 

:6^€rSffl-Ct^j:l,i/c«?). VCM 1 3©jS!4a^)E*i6T 

>o-F3ie*»mir5:*ric*ifflt,»^n-5. jsjcafisj 

^r/l 8^t}3r(»±U. fi5^f'^;^i'7iiaSi'^ ). F6 

-A4<i^'>3>l 7(C<!;i'Se,-r6**aM»3. wa^>:?' 
[0 0 1 4} fiSaf'-* ;^i'7i1--CMemiE(cJ:5jiS4: 

ikmm&icmMiii^o, ±ie©ra®3{ii^:^(c«gtsns 
fc.w-c««ct,>. 3f:i%?B»cne.©ppiii<&gpi^-r-^< . 

>1f ^©gpfnilttliQ: * a Y > i'tl'ica -{JimSKm 

a, T > D - F*l|^aI«:^f ^ Bsaf' -/ x i^giig^ffi^-r ^ 

[0015] 

'J F 6 «#t6L/-rt,»^cl>fcJst)VCMiS!|aa)E»0 1?*) 
■S. L/fc*Sor. C©P4tCVCM^^-rafiEiVCM« 
S£J& V C M^raSJE«IWIli« 2 9 RCf V C M«SE«I W 
disss 0-CiiJSL. T-^-Pi^T^S^^JU (AD) ^^3 

i*/i-br F^-fT'SfJiaassfcKOiii^jllfifr-Sci-c 

V C M3 -f ^l'fitaffl«:fiCU*SnItg <!: & 

[ 0 0 1 6 ] a-f^t-ffitrtW^^tt^^tD-r^*:" 

*>e)K f 3 2©©S^tt*«*>-r^?rfflt,>31fi©K f 3 

[00 17] C©gcdil/;fcfijK«iSCJfK f ^^iCCF^ 
■T'ilJtaigp 5 -Ci^- ^P- -f > 2 8 ©liiE^tf C> 

^fii^ffis^j-r^ctT. '>-^'B#pa©-'^•^•>+<&/^3 
[00 18] */c. y * u ■{ > ^tfuctmrn^w-m-f 

CtVT>a~ Fiflteii:8J©ffitn:tt*fflC»-C3!e®E(C 

^/m«:^c*j. g«jge*>e)©T>p-Fjis©3i6itt=& 

f:^±-c^-^'j Fi-r^xi'OSfiiSiyf-^-^ F««^P;5<- 

[0 0 19] 

imm<Dmm<DBm] VCMSm^W©*ttfi<j^c:^S«: 
oii-r:HisotS4 4ffli>rift?|-r*, mM,7=4 7.i^±. 
oMM.'^'j F«7'-^©5-f h/U- F4JC*^)^^^. 
ffi:E© h ^ i"^©->-i'4it^^1-»S*WCCBfi£,^© h 
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5 

[0020] VCMS^ra^ffVvcn>3 St^TOSr^ 

[0 02 1 ] Vvcm= I van - Rm+Vbemf 
CCCI vcin3 4«VCMl 4(CSfen^®jfe. Rm3 5 
«:3>f;l/}J£tn;fii, Vbemf 3 6 ^JV CMM|2liffr^'So 

mmmt^^iytj:\,>, l^fct^^X. Vbemf= Oi^jrO. 
Vvcm= I van • Rm 

R m = V van/ I van 10 

[002 2 ]cfcor. >i5^tti{cAD^3n/c 
V vcm3 3 . I vcm3 Atf^hY'y-i ::^$flffllSBrr2 ^l-Sin 
fiiRm3 5 35SBjtg^c^j:^o 

[002 3 ] S/c. Vvan3 3. I vcm3 4*VJn3 < ffg 

6 . V C Mffi^P^mfiEt^tmElSS 1 7 CcJiiHlPlSg^^C:f ^ 

c<br^3i Piter* 6c JiiIii|pisgu:oiir«^cci2tgL 

[002 4] n ^ ;VffitnR m 4 3 <DiaS#14«— ^9:6^^0 20 
[0025] 

Rni=RmO-(l + Kl- (Temp-TempO)) ^1 

CCr. RmO»SSr(Dn>{;uS6i{fi. Kl«:3^;l/(D 
SS^^ffiSv Temp&i3gaE(D=i-YJl/SlS, TempOtiSS'C 
RmO. Tempo. K USgfe^CDfiir* 0 . ^fiECOiS 

[ 0 0 2 6 ] $/c. h JV^m^K f »-flftWk:«T<DS 

2r^^D$n6. 

[0027] 30 
Kf=KfO-(l -K2-CTGmp-TempO)) ^2 

-C^^o KfO. Tempo. K 2 tigE^CDfilr * 0 . ±im 
[0 02 8] cn^coSta^i K^-Y:/$IJ®SI5^VCMJ£ 

[002 9] ;x^±fa"r:^2i6/cKf^ffli^r>'-^B$rHi 

[0 03 0] — JKCCVCM 1 4«Kf/iii'Cllt>3n 

(DKf^mU^^TOtl^. ^(DB#(DKf^KfOi-rSo 
fii^O:6'?£r#ffiL/cKf_sense3 9 6 K f/m *I:?&^— 
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[0 03 1 ] ^tc. ±nmiE:^mi>U^<o:^r^r^i>iy- 
[0032] ;>cccWi$<D:^j!£rS[|±ju/c^S6Pa>&ttBuoD 

mSEVvcmS 3 A D^^^ 3 1 U/cfil* F ^ :^*IJ® 
a55'Ci^T©S*><bCC3S!SamiEVbemf3 6;Jp63ia^« 

[003 3] 

V vcm= V bemf + R m • I van 

= Kf • Vel+Rm- I von 

Vel= (Vvon-Rm- Ivan)/Kf 

[0 034] 

/Co 

[0 03 5] JSmiLTJ^X h3()^6<0:3V> FSfe^^;t 

[0 0 3 6] */c. l«l«|^CT>P-KitS5fcDVCMJS£i 
fg<D I ^ X u T r ^7) r > p - F B ^aKigSftt^ 6 

[0M<D®#/j:l%^] 

[ai ] m^<o'f^v^)\^mm^j;i^^^-^^m&t'^ 

m 2 ] m^^f ^ ^sisei^Sp 

[03] ty-^^<Dn\mM.. mm., ^wm^^^s-^m. 

mmwm&m. 

-X, 4--^>3r->'x-:;^$!J^gp. 5- F^-r:/$iJffll 

SR. 6 Ha»-.vF. i-m^'fAT.^^ S '&mmvk 

. 9''V=yv^ {Vyvi^^^) . 10--fe 
(-fe^^S-^) . 1 1 -Xf > F;U^-3?. 12- 
T^^x-t^r, 1 3"-*^-rxn>f;l'-=e-!5r (VCM) . 
1 4-VCMT>:/. 1 5-rS/^Jl/r:^ud^^g 
(DA^lfeS) . 1 6 -P-F/r>n-f^^>^tS<S 
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mas. 2 0 ■imm^. 22 -B 

2 3 "a«iig. 2 4 -ft]aSFF7- 
2 5 2 6 -ilg^lffiS. 2 7 

■■■m&V'i>. 2 8-iy~i')\^--:fy-(>^ 2 9-VC 
MlS-^-fflflEEI^ItHliiaS. 3 0 "-VCM@s£«lttllil8S. 3* Jl^--:f¥-^ lymiEm. 



* l-T:^oi/7'i;>5f;U^g (AD^ifeS) . 3 2 - h 
Jli^^ (Kf) , 3 3- -VCM^raSH. 34-V 
CM^, 3 5 - VCM3^jUSR 3 6-3l!SamEE> 
3 7-VCMa6la^mS. 3 8-Kf«||±iS. 3 9-K 
^'fy*0tS3I^rfiEaL'/cK f (Kf .sense) . 4 0-J^ 
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